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Introduction
Product variety plays an important role in the study of international trade and economic growth.
The concept is fundamental because product variety is not only related to market structures and technological progress but also linked directly to consumer welfare. In the presence of significant expansion in trade, empirical studies have found that expanded import varieties contribute remarkably to the national welfare of importing countries (Broda and Weinstein, 2006) , whereas the rise in export varieties is associated with productivity improvement for exporting economies (Feenstra and Kee, 2008) . Moreover, what to produce and what to export also have growth implications for a developing economy. As Hausmann et al. (2007) argues, countries that produce and export more sophisticated products tend to grow faster than countries that specialize in unsophisticated,"poorcountry" goods. The ability to produce a wide range of products becomes even more important in the age of global production sharing because multinationals are more likely to invest in regions with a wide range of products and thus easy access to intermediate inputs.
Given the importance of the extensive margin in trade, existing studies have provided much insight into the determination of export variety. Models of monopolistic competition implies that larger economies usually export more varieties (Krugman, 1981) , a prediction which has received empirical support (Hummels and Klenow, 2005) . In trade models that emphasize productivity differences across firms (Eaton and Kortum, 2002; Melitz, 2003) , variables such as factor endowments, trade barriers, distance, and transport costs are important determinants of the range of goods for export. However, to our knowledge, there have not been systematic analyses of the role of host country institutions and policies in affecting product varieties in export. Perhaps the exceptions are Goldberg et al. (2010) and Debaere and Mostashari (2010) who have shown that reductions in import tariffs can help firms expand their domestic product scope and the range of goods in trade.
The main purpose of the current paper is to study the effects of host country institutions and policies on the introduction and exporting of new goods in developing countries. We incorporate the role of contract enforcement and ownership liberalization of foreign direct investment (FDI) into a model of international production sharing (Antràs, 2005; Antràs and Helpman, 2008) .
We show that when the host government imposes ownership restrictions on foreign investment, outsourcing through market transactions is the dominant form of global production, which limits product varieties brought to the South. With the removal of ownership restrictions, however, multinational companies have incentives to expand their product varieties to the South through their foreign-owned affiliates. Moreover, the improvement of contract environment in a developing country reduces the efficiency loss because of the "holdup" problem involved in incomplete contracts, thus inducing the inflow of new products through foreign multinationals. While improvement in each type of institution raises the extensive margin in production and export, the liberalization of ownership structures along with the better enforcement of contracts can have an amplification effect on the development of new products in the South. 1 We test the implications of the model based on the experience of China, where major institutional reforms occurred concurrently with the dramatic expansion of processing trade in the period of [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . To quantify the effect of institutional improvements on the extensive margin of processing exports, we construct a measure of ownership liberalization at the industry level, employing a systematic policy change in which the Chinese government gradually lifted the restrictions on ownership structures governing FDI. During this period, China expanded the list of "encouraged" industries for FDI while reducing the number of "restricted or prohibited" industries, aiming to lift the restrictions on foreign capital inflows as the country got accession to the World Trade Organization (WTO). This category was first published in 1995 and subsequently revised four times between 1997 and 2007 (NDRC, various years). These policy changes present a unique opportunity for us to test the effect of relaxing FDI restrictions on trade patterns across firms of different organizational forms.
2 In addition, we use an index of judicial efficiency from the World Bank (2008) to approximate the degree of contract enforcement. To measure the export variety of processing trade, we use an index of the extensive margin formulated by Feenstra and Kee (2008) .
Our empirical results focus on the effects of policy reforms on the variety of processing exports. We find that encouragement policies towards foreign firms significantly increase the variety of processing export, and they have a much larger effect on the variety of export by foreign-owned enterprises (FOEs) . Consistent with our model, improvements in contract environment do not enhance product development through outsourcing export, but they have a strong positive effect on product transfers by FOEs. Moreover, we find an amplification effect from the coordination of reforms. The Chinese data show that contract enforcement and ownership liberalization are complementary to each other in product development by foreign-owned firms: the effect of one reform is larger, if the quality of the other institution is higher. These results are robust to alternative specifications. The strong interaction effect of contract enforcement and ownership liberalization suggests that both reforms in combination are important for expanding product varieties in developing countries.
Our new empirical finding that FDI liberalizations lead to higher growth of export varieties by foreign-owned firms, particularly in regions with better contracting environments, is consistent with property-rights theory of multinational boundaries (Antràs and Helpman, 2008; Antràs, 2012) .
More multinational firms would choose to integrate global production as the contractibility of the South improves. This view forms a contrast with the transaction-cost theories of firm boundaries, which predict that multinationals prefer vertical integration in weak contracting environments in order to protect their technology or knowledge (Markusen, 1995) . Our finding is opposite to the transaction-cost prediction but supportive of the property-rights theory.
Our paper is also related to studies on host country institutions and policies that influence trade patterns, rates of innovations and FDI. These policies include the enforcement of intellectual property rights (e.g., Chin and Grossman 1990; Diwan and Rodrik 1991; Glass and Saggi 1998) , government subsidies to innovation and imitation (e.g., Grossman and Helpman 1991) , and institutional variables such as corporate tax rates and bureaucratic delays and corruption (e.g., Gastanaga et al. 1998; Wei 2000) . However, none of these studies focuses on the consequences of host 4 government ownership restrictions on product transfers to developing countries.
The current paper is structured as follows. Section II develops a simple model that shows how the removal of ownership restrictions and improvement in legal enforcement may expand export product varieties in the South. We analyze the effect of each policy reform and their amplifying interactive effects. Section III explains the construction of the measures of policy reforms and presents our empirical findings. Section IV concludes.
The Model
This section relies on the global sourcing model of Antràs (2005) and Antràs and Helpman (2008) to investigate the consequences of relaxing ownership restrictions and improving contract enforcement on expanding product variety in developing countries. 3 The international business literature has long emphasized the prevalence of government's ownership restrictions on multinational companies in developing countries (e.g., Kobrin 1987; Gomes-Casseres 1990) , and a large body of economics literature has studied the role of contract enforcement in determining the volume of FDI (e.g., Gastanaga et al. 1998; Wei 2000) . Our model shows how host country reforms in ownership regulations and judicial efficiency can effectively expand export product varieties.
Moreover, the model generates four testable predictions that provide a basis for subsequent empirical analysis.
Setup
The world consists of two countries, the North and the South. Labor is the unique factor of production, which cannot move across the border. Suppose goods can be free traded without any costs, and the demand function for a particular good is given by
where is a function of total expenditure and an aggregate price index, as shown in the general equilibrium model in Appendix. Hence, ( ) = ( / ( )) 1− and the revenue is ( ) = 1− ( ) .
The final-good producer needs headquarter service (ℎ) and an intermediate input ( ) to produce each unit of output. The production function of the final-good is
where represents the intensity of the intermediate input in the production. As such, is interpreted as an indicator of standardization of the good production.
Headquarter service provided by the final-good producer is assumed to be produced only in the The final-good producer needs to contract with an intermediate-input supplier to produce the final-good. She can either purchase the intermediate input from an independent manufacturing plant or obtain it from an integrated plant. The investment is assumed relation specific; the finalgood producer tailors the headquarter service, and the supplier customizes its intermediate input.
Thus, both parties' inputs are useless outside the relationship. As the final-good producer begins the contracting process, the supplier needs to pay a lump-sum transfer because ex ante a large number of identical and potential manufacturers of the good exist. This lump-sum transfer can make the suppler break even. Therefore, the contract consists of two organizational choices 6 ∈ { , }: vertical integration and arm's length market transaction. Vertical integration implies that the Northern producer employs the supplier and owns the intermediate input, and market transaction implies that the supplier is an independent plant who owns the intermediate input.
Thus, if multinationals offshore, we call Southern export through vertical integration "FDI export", whereas export through independent firms as "outsourcing export". Following the classical incomplete contract theory, we assume that organizational form is always contractible and that the contractibility of input investment depends on a country's legal system.
To characterize explicitly the effect of contract environment on product transfers to the South, we depart from Antràs (2005) by introducing a probability of a complete contract. Following Acemoglu et al. (2009) , we assume that the probability of completing the contract is , where ∈ { , }, and
As the North has a better legal system and higher ability for legal enforcement, it is reasonable to assume > . Without the loss of generality, we assume = 1, i.e., the contract is complete in the North. Without introducing confusion, we ignore the subscript of in .
The timeline of events is summarized as follows:
1. The final-good producer chooses to locate the supplier from country ∈ { , } and offers a contract { , , } to the supplier.
2. The supplier decides whether to accept or reject the offer. If accepting, he makes the lumpsum transfer to the final-good producer.
3. Following acceptance of the contract, there is probability by which the contract is upheld.
With probability 1 − , the contract is not upheld; then, bargaining will occur between the final-good producer and the supplier after the product is produced.
4. After the uncertainty is revealed, ℎ and are produced.
5. If the contract is upheld, the final-good producer receives the customized intermediate input provided by the supplier. Then, the producer manufactures the final-good, and sells it.
6. If the contract is not upheld, the producer and the supplier bargain over the revenue. If Nash bargain breaks, no output is produced. If a successful Nash bargain occurs, then the producer pays the supplier for the intermediate input, produces the final-good, and sells it.
The subgame perfect equilibrium (SPE) can be described by a tuple { * , * , * , ℎ * , * , * }, where * denotes the optimal organizational form, * denotes optimal location choice, * is the optimal size of the lump-sum transfer, and (ℎ * , * , * ) are optimal input levels and the corresponding output of good . The equilibrium can be solved backwards.
We now consider the decision of a final-good producer of good who needs to find a supplier either in the North with higher wage or in the South with lower wage , taking other producers' behavior as given.
Supplier in the North
As the contract is complete in the North, the organizational choice is irrelevant by the nature of the incomplete contract theory. Under this scenario, the producer requests the supplier to provide the intermediate input and her own headquarter service ℎ to maximize profit,
which yields the first-best investment of * and ℎ * . The producer pays the supplier * , and sets the lump-sum transfer = 0. The producer has the following profit:
Supplier in the South
If the producer chooses to offshore the intermediate input from the South, she faces the uncertainty of contract environment. With probability , the contract is complete; thus, the producer can achieve the first-best inputs * and ℎ * . However, with probability 1 − , the contract is incomplete; then the ex ante contracted input investments are not upheld. In this case, both parties will under-invest their inputs because of the hold-up problem. Given the optimal investment bundles in the two scenarios, the producer will set the lump-sum transfer equal to the expected profit of the supplier. The producer maximizes the expected profits by choosing the optimal organizational form.
We first solve the sub-equilibrium in stages 5 and 6, as the uncertainty of contract environment is revealed, and then compute the expected profits under different choices of organizational form.
At stage 5, because the contract is upheld in the South, we can follow the case of complete contract in the North by solving the following problem:
which yields the following profits for the producer:
At stage 6, the contract is not upheld in the South. The producer and the supplier know that they will renegotiate their revenue shares after making the investment. Thus, the supplier chooses intermediate input ( ) to maximize revenue minus cost (including shipping cost), and the producer chooses headquarter service (ℎ) to maximize her own revenue minus cost. They also know that their revenue depends on consumer demand and the simultaneous investment of the other party.
Suppose the producer's revenue share is ∈ [0, 1]. The value of depends on the organizational form, as we will discuss below.
Therefore, the supplier chooses intermediate input to solve the following problem:
Similarly, the producer chooses headquarter service ℎ to solve the following problem:
The solutions to these two problems will yield optimal headquarter service ℎ( ) and intermediate input ( ). The corresponding profits for the producer and the supplier in stage 6 are˜
At stage 3, the contract environment is unknown to the producer and supplier; thus, their expected profits are the weighted profits from stages 5 and 6. Hence, the producer can set the lumpsum transfer equal to the supplier's expected profits [ * 0 + (1 − )˜ 2 ( , )]. Thus, if the producer chooses the Southern supplier, her expected profit at stage 1 is
Offshoring and Ownership Choice
With a decision to offshore its intermediate input to the South, the Northern producer needs to choose an organizational form: vertical integration ("FDI export") or market transaction ("outsourcing export"). We assume a symmetric Nash bargain in relation-specific investment. According to Grossman and Hart (1986) (1 + ). Consequently, we have
The Northern producer chooses production locations, as well as the optimal offshoring organizational form. Therefore, her ex ante expected profit is
It can be shown that
where Figure 1 shows the coexistence of the three types of production modes: exclusive production in the North, vertical integration across the border, and arm's length production sharing. For < 1/2, we can obtain the following key lemma of Antràs (2005) Note that under certain conditions, vertical integration may not be an optimal arrangement for the supply of the intermediate input. For instance, if the / line goes through the intercept of and curves, the production in the North and outsourcing to the South will dominate vertical integration. Vertical integration is also not optimal if the trade cost is too high, which lowers the / line below the curve, or if the contract enforcement is too poor, which raises the curve above the / line. The coexistence of the three organizational forms provides a rich analytical framework.
Our primary interest is to examine the role of host country policy reforms in affecting product range of the developing countries. In what follows, we will investigate how the relaxation of ownership restrictions for foreign capital inflows, improvements in contract enforcement, and reduction in trade cost affect product variety in the South.
Governments in developing countries often restrict the activities of wholly-owned foreign invested firms for reasons including reducing competition with indigenous firms, promoting technology transfer through joint ventures, and controlling strategic sectors (e.g., Kobrin 1987; GomesCasseres 1990) . In an extreme case of a strict prohibition of wholly-owned foreign firms, the dotted curve would disappear from Figure 1 . As a result, only "outsourcing export" would take place. Under this situation, the cutoff between Northern and Southern productions is¯ .
If the ownership restriction is removed, becomes part of the choice set. Therefore, the cutoff between North and South productions moves left to¯ , i.e., more goods will be offshored to the South through vertical integration. However, the extensive margin of outsourcing export will be reduced because the supply of some goods will be switched from arm's length production to vertical integration. We summarize these effects of ownership liberalization in the South as the first hypothesis:
Result 1 Ownership liberalization, which allows vertical integration in the South, increases the extensive margin of FDI export but reduces the extensive margin of outsourcing export. As a result, the total varieties of Southern export increases.
An improvement in contract environment can be characterized by an increase in . As Figure   2 shows, a larger shifts down the and curves, thus raising the extensive margin of FDI export. However, because the intercept between and is independent of , the extensive margin of outsourcing export does not change. 4 We state the second hypothesis as follows:
Result 2 Better contract enforcement (a rise in ) increases the extensive margin of FDI export, but it has a neutral effect on the product variety of outsourcing export. As a result, the extensive margin of Southern export increases.
This result is consistent with the property-rights theory of multinational boundaries (Antràs and Helpman, 2008; Antràs, 2012) , which predicts that more firms with a larger range of headquarter intensive content will choose to integrate their global production, as the contractibility of Southern suppliers improves. Thus, ownership liberalization would lead to higher growth of FDI exports particularly in better contracting environments. By contrast, transaction-cost theories of firm boundaries predict that multinationals prefer vertical integration in weak contracting environments in order to protect their technology or knowledge (Markusen, 1995) . Therefore, ownership liberalization would increase FDI exports particularly in weak contracting environments.
Given the consequences of individual reforms in Results 1 and 2, exploring the effects of coordinated reforms is also important. If the South relaxes its ownership controls in combination with improvements in legal systems, growth in the extensive margin through FDI export can be even larger. Figure 2 shows that the effect of ownership liberalization increases extensive margin in the South from¯ to¯ when the contract environment is poor. As the contract environment improves, the effect of ownership liberalization becomes¯ ′ −¯ ′ . Thus, FDI liberalization has a larger effect with the better contract environment if the inequality (¯
holds. 5 Moreover, ownership liberalization may also enhance the effect of improving the contracting environment. As Figure 2 shows, the improvement in contracting will increase the extensive margin from¯ to¯ ′ if only arm's length transaction is allowed, whereas it increases the product range from¯ to¯ ′ if FDI ownership restriction is removed. Thus, FDI liberalization can enhance the effect of improving contractibility on the extensive margin if the inequality
This framework suggests that contract enforcement and ownership liberalization can be complementary factors for product transfers in FDI export: the effect of one reform is larger if the quality of the other institution is higher. This possible amplification effect is summarized as follows:
reforms in ownership liberalization and contract enforcement mutually enhance the effects of each other and amplify the growth of the extensive margin through FDI export in the South.
Trade cost reduction is characterized by a decrease in . As Figure 2 shows, a fall in shifts up the horizontal line / . This movement raises the extensive margin of FDI export, as shipping back the intermediate good produced in the South is now cheaper. However, because the cutoff between vertical integration and outsourcing remains the same as before, the extensive margin of arm's length arrangement does not change. The following is a straightforward result:
5 An implicit assumption is that products are uniformly distributed over . Relaxing this assumption only requires to a slight change in the condition, i.e.
where ( ) is the density function of the product distribution over .
Result 4 Reduction in trade cost (a fall in ) increases the extensive margin of FDI export, but it has a neutral effect on the extensive margin of outsourcing export. As a result, the extensive margin of Southern export increases.
In appendix B, we show that the above results derived from a partial equilibrium remain valid in the general equilibrium with free entry. The main difference is that the growth in the extensive margin due to policy changes will be reduced because the relative wage in the South increases in the case of a general equilibrium. This is due to rising labor demand as more production is offshored from the North. However, the general equilibrium effect is likely limited when we consider a small open economy or a country like China with abundant supply of cheap labor.
Empirical Analysis

Data and Key Variables
We test the implications of the model against the Chinese experience when major institutional reforms occurred concurrently with the dramatic expansion of processing trade surrounding China's entry into the WTO. The primary data source we use is the Chinese customs trade data for the period of 1997-2007. The dataset records both the value and quantity of trade at the product level (eight-digit HS code), export locations, firm ownership category, and type of Chinese custom regimes. Our analysis focuses on processing export because it is an integrated part of global production sharing. Processing export is an activity that involves a firm in China importing intermediate input from aboard, processing it with other local productive factors, and then exporting the finished goods to international markets. Imported intermediate input is duty-free as long as it is only used for export (Feenstra and Hanson, 2005) . In other words, it is the offshored production from developed countries. Processing trade plays a major role in China's international trade, accounting for about 55 percent of total export for the 1997-2007 period.
The firm ownership types in the trade data include Chinese-owned domestic firms, joint ventures, and wholly-owned foreign firms. We consider wholly-owned foreign firms as vertically integrated affiliates and the other two types of ownership as outsourcing.
Our definition of variety is an eight-digit HS product-destination country pair, namely, a product exporting to one particular country. For empirical analysis, China is treated as the South, whereas the rest of the world is treated as the North. For robustness checks, we use high-income countries as the North and define variety as an eight-digit HS product. Our main empirical results are very robust to these alternative variable definitions.
The extensive margin can be simply measured as the number of varieties. However, this measure ignores the volume weights of export for different varieties. Therefore, we follow Feenstra and Kee (2008) (thereafter FK index) to construct an extensive margin measure, which takes export weights into account. It also has the advantage of comparability over time, across regions and firm organizational forms. The extensive margin is defined as the following Λ ratio:
where denotes a product, and is the set of products that province exports in industry through organizational form in year . We define
as the total set of products that China exported to the rest of the world in industry over all sample years. ( ) is the average value of export for product (i.e., summed over all provinces and organizational forms and averaged across years). Note that this measure of the extensive margin changes over time or across provinces or organizational forms only if there is a change in the set of export goods in that province or that type of firm, . The denominator of the ratio is constant over time, across provinces and organizational forms. By taking the union of all China's exported products over the years, we obtain a consistent comparison across all three dimensions. The value of Λ is in the interval of [0, 1]. prohibited industries, the Chinese government usually imposes stringent restrictions on ownership structures and high entry cost for foreign investors. However, those restrictions were only imposed on a very few specific products related to China's traditional culture.
For subsequent regression analysis, we construct two proxies for ownership liberalization at the industry level: an encouragement policy indicator and a restriction (includes prohibited) policy indicator. We assign the value of 1 for encouragement (or restriction) policy in an industry if at least one product in that industry is formally stated on the government list of encouragement (or restriction). Otherwise, we assign the value of 0 to that industry. Thus, these two policy indicators capture the differences in ownership regulations between industries with and without policy interventions. We also assume that there are no policy changes until a formal revision is announced in the published Catalogue.
For the measurement of contract environment, we follow the literature on the influence of institutional quality on the trade pattern (Nunn, 2007; Levchenko, 2007; Feenstra et al., 2010) .
These studies use the indexes of doing business in 30 provincial capitals in China published by the World Bank (2008). Specifically, we use a "court cost" variable, which is measured as the ratio of official costs of going through court procedures to the debt claim. Higher "court cost" indicates an inefficient, rent-seeking legal system, implying a lower probability of upholding contracts between firms. For convenience of interpretation, we construct a court efficiency measure, which equals 0.5 minus the ratio of court cost, as in Feenstra et al. (2010) . 9 The spatial differences in court efficiency in China are substantial. The Southeast coastal provinces usually have higher levels of court efficiency than do interior and northern provinces. In sequential regression analysis, we demean the court efficiency for easy comparison between different specifications.
To approximate trade cost, we use the cumulative number of national policy zones that had been opened up to a year in a specific province. 10 China began to establish special economic zones 9 World Bank (2008) also provides two other measures of contract environment: "court time," which measures the time interval between the time the plaintiff files the lawsuit and the time of payment, and "court rank" of the court system in each provincial capital based on the measures of "court cost" and "court time." As Nathan Nunn points out in Feenstra et al. (2010) , either a very short period of time or a very long period of time can be an indicator of inefficient legal system; as such, there is no monotonic relationship between court time and court efficiency. We also agree with this point; thus, we use the court cost as a measure of judicial efficiency in our study. 10 The data source is China Development Zone Review Announcement Catalogue (NDRC, 2007) . We adopt this measure of trade cost rather than tariff because of two reasons. First, all imports for processing export are duty-free in China, and outward export tariffs are difficult to compute, in the sense that prohibited tariff are not observable. Even if outward export tariffs are available at the product level, there is no variation across provinces. Second, the setup of national policy zones requires authorization from the central government, which can be arguably considered as an exogenous process beyond the control of provincial governments. Therefore, the endogeneity problem is not a major concern.
for export in the early 1980 in coastal cities. Owing to their initial success, special zones were expanded into inland cities (Wang, 2010) . These policy zones include Economic and Technological Development Zone, High-Tech Development Area, Bonded Area, Export Processing Zone, and other types. Multinational companies in these zones enjoy various advantages, including lowered corporate tax rate of 15 percent, duty free for imported inputs, no import quotas, low costs of land, and no property tax in the first five years. There are also additional benefits for foreign firms if 
Empirical Specification
We assess the role of institutions and policies as determinants of product varieties in processing exports. The dependent variable for analysis, ln( ), is the log value of the extensive margin of industry and organizational form in province and year . The principle explanatory variables are (1) an indicator variable for organizational form (i.e., = 1 for FDI export by wholly foreign owned enterprises, and = 0 for outsourcing export by independent domestic firms);
(2) two indices of policy reforms, i.e., for encouragement policy and for restriction policy; (3) an index of court efficiency, which approximates the degree of contract enforcement or institutional quality ( ); and (4) the cumulative number of national policy zones, a proxy for trade cost ( ). The basic estimation equation is
This specification controls for a set of province-specific geographic variables ( ), including the log value of minimum arc distance to two major ports in China (i.e., Shanghai and Hong Kong) and two indicator variables indicating whether a province has an international border and a coastal line, respectively. Accordingly, we do not use provincial dummies to control for regional fixed effects. We also add population density ln( ) and provincial real output ln as controls for the market size effect that larger economies usually export more varieties (Krugman, 1979) .
Moreover, following Romalis (2004) and Nunn (2007), we also include the interaction ( ) of industry-specific factor intensities (i.e., skill intensity and capital intensity) and province-specific factor endowments (i.e., college share and capital output ratio) to capture the effects of locational comparative advantages. 11 { , } are industry and yearly dummies, and is a stochastic disturbance term. Note that the interaction terms between the organizational forms and policy variables allow us to test the differential effects of policy reforms on the export variety by FDI versus outsourcing.
To avoid the potential contemporaneous correlations between provincial variables with the error term, we use one-year lagged values of trade liberalization measures and those of factor endowment as the benchmark specification. 12 In addition, as Lu et al. (2008) and Feenstra et al. (2010) point out, the contract environment variable ( ) is likely to be endogenous to trade volume, as well as our measure of the extensive margin of processing export. We follow their practice of using former colonial rule, i.e., by British, France, Russia, Germany, Japan or a combination of multiple powers, as well as provincial population in 1953 as instruments for contract environment. Former colonials are expected to have poor contractual environments because of the extractive nature of the colonial influence; and, a larger population in a province in 1953 after the land reform implies 11 The college share is defined as the proportion of college graduates in the population above age 5 (NBS, various years). The capital output ratio is defined as capital stock in real terms divided by the real GDP. We obtained the capital stock figures from Qian et al. (2007) and computed real GDP numbers based on China's Compendium of Statistics of 1949 (NBS, 2009a . We rely on the 1995 Chinese National Industry Census (TNICO, 1997) to compute skill intensity by industry, which is defined as the share of workers with college education in total industrial employment, and industrial capital intensity, which is defined as the log ratio of net fixed capital over the total industrial employment. 12 The changes in national polices on ownership regulations are arguably exogenous to industry and provincial variables because the progress of reforms depended largely on the decisions of the central government and the membership rules of the WTO regarding FDI investments. Our empirical analysis reveals that the main estimation results are not sensitive to alternative specifications of these variables. a predominant rural base in the past and thus the persistence of lower development in business and contractual environments. 13 We will first estimate the above empirical function by OLS and then report the IV results using GMM. We will test for weak instruments using an F-test in the first-stage regression. The F-test statistics are all above the Stock-Yogo criteria of 10, rejecting the notion of weak instruments. Consequently, our discussions and interpretations of the results will be largely based on the IV estimates.
Estimation Results
The first two columns of Table 2 report the OLS and IV estimates of a simplified specification without the interaction of the indicator of foreign owned enterprises (FOE) and key policy variables. Therefore, these are regressions on the determinants of export varieties in the processing trade without distinguishing the differential effect of policies on export by FDI and outsourcing.
Although these results do not provide direct tests on the implications of the model, several results emerge, and they remain stable across the alternative specifications.
First, the estimates for the FOE indicator variable are negative, showing that, on average, the extensive margin of processing export by foreign owned affiliates is less than that of the domestic independent firms. This result is not surprising because for many years the share of export through FDI was less than that through outsourcing. Second, the encouragement policy and special trade zones generally increase the extensive margin of processing exports, whereas the restriction policy presents a barrier to the growth of the extensive margin. Court efficiency does not have a significant effect on product variety. This result is consistent with the predictions of the model because improvements in contract enforcement have a neutral effect on processing export by independent domestic firms (Result 2). 14 Third, the results of the geographic and market size variables are 13 Please see the list of colonials in China after the Opium war in Feenstra et al. (2010) . The estimated coefficients and their t-statistics for the colonial dummy and population variables are -0.067 (-10.11) and -0.035 (-9.93), respectively, in the first-stage of the estimation for our benchmark results. Interestingly, the negative correlation between former colonial experience and lower court efficiency in modern times is consistent with the main findings of Acemoglo et al. (2009) that the extractive states of the colonial past tend to leave negative influence on property rights and contractual development in China. These results are also robust if we exclude the colonials of Russian and Japan.
14 Admittedly, the positive correlation between court efficiency and the coastal indicator may reduce the statistical 22 consistent with the existing literature. The further away a region is from the two major ports, the fewer the variety of its export. Coastal provinces have more export varieties than do interior provinces, but having a land-connected international border does not increase variety for Chinese provinces. The significantly positive coefficients for population density and real output imply that the larger economy export more varieties. The positive coefficients of the interaction terms of skill intensity and college share, and those of capital intensity and capital output ratio suggest that skill (capital)-abundant regions export more varieties in skill (capital)-intensive industries.
The results from estimating the baseline equation are reported in columns (3) and (4), which lend support to the model's predictions. These specifications include the interactions of organizational form ( ) and other key variables of policies and trade cost. Therefore, they can provide evidence on whether our variables of interest have differential effects on product variety across firm organizational forms. Based on the IV estimates, the encouragement policy raises the exten- both relative to industries without the encouragement policy. Therefore, differences in contract environment may lead to significantly different outcomes under the same reform scheme. This result has important policy implications, suggesting that well-coordinated reforms are crucial for expanding product varieties for developing countries. More strikingly, the double interaction of encouragement policy-court efficiency has a negative significant coefficient, which implies that ownership liberalization reduces more export varieties for independent domestic firms in provinces with better contract environment.
Our empirical results also shed lights on the debate on the boundaries of multinational firms.
An earlier literature based on transaction-cost theories emphasizes the difficulty of enforcing intellectual property rights in host countries (Markusen, 1995) . These studies predict that multinationals prefer vertical integration to protect their technology secrets, particularly in countries with poor contract environments. However, we find the opposite evidence, which is consistent with a more recent literature based on property-rights theories of the firm (Antràs and Helpman, 2008; Antràs, 2012) . As discussed in Result 2, this approach predicts that multinationals with a wider range of headquarter intensity prefer vertical integration in regions with better contract environments.
Therefore, ownership liberalization in host countries would lead to higher growth of exports by wholly foreign-owned firms, particularly in better contracting environments. Our results provide evidence in support of property-rights theories of firm boundaries and generate useful policy implications for institutional reforms in developing countries.
The establishment of national policy zones also has significantly positive effects on product development in the processing trade. Based on the estimates in column (4), the opening of one additional policy zone in a province is associated with 12 percent and 8 percent increases in export varieties by FDI and outsourcing, respectively. Whereas the effect on the FDI export is consistent with Result 3, the effect of policy zones on export variety by outsourcing could stem from similar spillover effects or preferable policies related to the opening of special zones for all types of firms, as we discussed in the case of encouragement policy. In addition, we do not find significant amplification effect of trade cost reduction and ownership liberalization.
Sensitivity Analysis
In this section, we carry out robustness checks for our previous findings. Included in the exercise are alternative measures of the extensive margin, the log value of processing export as the dependent variable, and the use of high-income countries as the North in the regression analysis.
We find that all the major results are robust to these alternative specifications.
First, we employ two alternative measures of the extensive margin. The first is a straightforward count of product varieties, in which variety is still defined as the eight-digit HS product-country pair. The second measure is a redefined variety by an eight-digit HS product, but it is still computed as FK index. The number of varieties is reduced because of the broader scope of the definition. Table 3 presents the IV regression results based on these two alternative measures. The results are highly consistent with our benchmark findings, especially in the interaction terms with FOE, reconfirming the fact that the effects of host country reforms on product variety are not sensitive to the use of different measures of the extensive margin. One noticeable difference is that the estimated coefficients for the encouragement policy in columns (2) and (3) in Table 3 have turned statistically insignificant from previously significantly positive numbers in columns (4) and (6) in Table 2 . This finding lends direct support to our hypothesis in Result 1; i.e., ownership liberalization does not increase the extensive margin of export by independent firms. Another difference is that the estimated coefficients for the restriction policy in columns (2) and (3) have turned statistically significant positive numbers from insignificant estimates in columns (4) and (6) in Table 2 .
This result does not go against our theoretical predictions either. It simply implies that ownership controls on foreign ownership may actually increase the export variety of arm's length arrangement because of reduced foreign competition. These two estimation differences suggest that using the number of export variety as the dependent variable may bring additional evidence in support of the theoretical predictions.
Another interpretation of these above differences in estimation results is caused by the weighting schemes in the two measures of the extensive margin. The mechanical count of product variety does not consider the export volume of each product. However, FK index is a weighted number of products, in which the weights are the average export value over the sample period. Therefore, it makes sense if the encouragement (restriction) policy increases (deceases) the export value in these preferred industries, as shown in Table 2 .
Second, Table 4 presents the IV regression results when the dependent variable is the log export value. The results are again broadly consistent with our benchmark estimation. One noticeable finding is that the amplification effect of court efficiency on FDI export in the encouraged industry becomes even larger. Taking the same cases of Shandong and Fujian as examples, the encouragement policy now increases the FDI export by 39 percent and 100 percent in the two provinces, respectively, relative to those industries without an encouragement policy.
Lastly, instead of using all other countries as the North, we select all high-income countries as the North. Our definition of high-income countries follows the World Bank's standard classification; China's export to high-income countries accounts for about 89 percent of the total processing export. 15 Table 5 presents the estimation results based on the high-income country sample using both the FK extensive margin index and export value as dependent variables. Again, all results are broadly consistent with our benchmark findings.
Concluding Remarks
In this paper, we study the effects of host country policy reforms on the decisions of multinational companies to offshore their productions to developing countries. We incorporate the liberalization of FDI ownership and improvement in contract environment into a model of global sourcing, which features vertical integration and arm's length transaction. Our model suggests that, while ownership liberalization has a direct positive effect on expanding product variety in the South, a simultaneous reform of raising judicial efficiency can achieve a large, amplifying effect.
Based on the recent Chinese experience, our empirical findings have provided strong support for the theoretical prediction that policy reforms can expand export variety.
Governments in developing countries aspire to attract direct investment by multinational companies with new products and advanced technologies. However, their strategies vary. Some governments prohibit wholly-owned foreign subsidiaries from entering the local markets; rather, they encourage the establishment of joint-ventures while imposing technology-sharing mandates. Our research suggests that these policies may lead to undesired outcomes. The reason is that, under stringent ownership restrictions, multinational companies will find it unattractive to set up their subsidiaries in the South and bring in advanced products. Instead, they will only transfer less advanced products to the South through arm's length transactions. In contrast, if the host country governments choose to liberalize their ownership structures with concurrent improvements in contract enforcement, they will attract the transfer of more advanced products by multinationals. This expanded product varieties will in turn contribute to economic growth and welfare in developing countries.
Appendix A: Proof of Lemma 1
We first derive the properties of ( ) for ∈ { , }. Consider the case in which the producer chooses an independent Southern firm to produce the intermediate input. With = 1/2, we have
It is easy to show that ( ) has the following proposition:
(2) If (1) < / , there exists a unique cutoff¯ , such that (¯ ) = / , and
(1/2) /(1− ) < 1, and the term in the bracket of ( ) is less than 1. Therefore, it is easy to show (1) > 1, lim →0 ( ) = ∞, and ( ) < 0 and ( ) < 0. As shown in Figure 1 , ( ) decreases in . Thus, if (1) < / , then there exists a unique cutoff¯ , such
We can show that with the same assumptions in Antras (2005), the ( ) curve has similar properties:
Proposition 2 (1) (1) > (1), lim →0 ( ) = ∞, and ( ) < 0.
(2) If < 1/2, i.e., < 3/4, then ( ) < 0. 
this cutoff¯ is independent of .
We know
, and given the property of ( ) and ∈ (1/2, 1), we know 0
, and thus (1) > (1).
, which is less than 1, as shown in Appendix A of Antràs (2005) . Therefore, + (1 − )Φ( , ) < 1, and a rising increases
) for a given . Thus, lim →0 ( ) = ∞, and ( ) < 0.
For proposition 2(2), if = 0, it reduces to the case in Antras (2005) . Antras shows that < 1/2 is the sufficient condition for ( ) < 0. It is difficult to provide a close-form proof for the general case ∈ (0, 1), given the complex form of ( ). However, Matlab random simulations for one million sets of parameter values of ∈ (0, 1), ∈ [0, 1], ∈ (0.5, 0.75)
for 99 grids of ∈ [0.01, 0.99] suggest that the inequality holds for every simulation. Secondly, we choose 0.01 as the grid for each parameter, and verify that the inequality still hold for every combination of parameters in the grid space. Based on these numerical exercises, we believe that the likelihood of multiple equilibria is extremely small. This is reasonable because as increases from 0 to 1, the severity of contract incompleteness declines.
Given the propositions 2(1) and 2(2), and if (1) < / , then there exists a unique cutoff , such that (¯ ) = / , ( ) > / if <¯ , and ( ) < / if >¯ .
To derive proposition 2(4), we only need to compare Φ( , ) and Φ( , ). Let
First, to demonstrate Γ( ) decreases in , we only need to show
As the RHS decreases in , it is no larger than . It is easy to show ( ) is increasing in ; thus,
[2 ] /(1− ) increases in for ∈ (0, 1). Hence, > 1/2 implies that
(1 − ) < (1/2) = 1 < ( ), which give the result Γ(1) < 1 < Γ(0). Therefore, there exists a unique cutoff¯ , such that
Moreover, because Φ( , ) and Φ( , ) are independent of , the cutoff¯ is also independent of .
Proposition 3 If¯ <¯ <¯ , then the Lemma 1 holds.
Based on propositions 1(2) and 2(3), we know the intermediate input is produced in the North if < {¯ ,¯ }. Moreover, it is easy to verify that three cutoffs must satisfy one of the following order: (1)¯ =¯ =¯ , (2)¯ <¯ <¯ , and (3)¯ <¯ <¯ . The first case has small likelihood to happen, and in the second case, the vertical integration will be dominated by the choice of Northern production and arm's length production in the South. This case is not interesting for our empirical purpose. For the third case, for <¯ , its intermediate input is produced in the North. For¯ < <¯ , its intermediate input is produced by foreign integrated firms in the South. And, for >¯ , its intermediate input is produced by independent firms in the South. Thus, the lemma 1 holds.
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Appendix B: General Equilibrium Effects
We show that the main results derived from our partial equilibrium analysis remain valid in general equilibrium with free entry. The main difference is that the growth in the extensive margin due to policy changes in general equilibrium will be reduced because the relative wage in the South increases due to rising labor demand as more production is offshored from the North.
The preference of the representative consumer in each country is given by
where ( ) is total consumption of brand of product (e.g., the iphone of cell phones), and is the measure of total products. This setup implies different brands of the same product have the same factor intensity. For simplicity, we assume each firm produces one brand of some product.
Given this preference, we can show that the demand shifter for each product is given by
Entrants could pay a fixed cost of units of labor in the North, and free entry implies that the measure of variety for each good always adjusts so as to make Northern final-good producers break even. We can show that
, and = , . We can also show , ∈Ω > , ∈Ω , implying that the number of varieties for every product in the South is larger than that of each product in the North. Because of incomplete contract in the South, multinationals who offshore will charge higher prices and sell less outputs, thus each firm captures smaller market shares, 36 and this in turn induces more entry. Moreover, we can show , ∈Ω decreases in , i.e., as contract environment in the South improves, the number of varieties for each product in the South declines. 16 The intuition is similar. As the contract friction declines, each firm's market share increases, thus resulting in less entry. As such, improvements in contract environment have two effects on the product variety of FDI export. First, it induces more multinational firms with higher headquarter intensity to offshore their production to the South. Second, it reduces the number of brands for each product. Therefore, the total effect of improvement in contract environment depends on which of the two effects dominates.
Our study mainly focuses on the first effect because of two reasons. First, our data is reported at the product level rather than the firm level, which refrains us to explore the second effect. Second, the number of firms also depends on fixed costs of entry. If the entry cost declines, as expected for improvements in contract environment, the number of firms for each product will also increase.
Next we solve the general equilibrium. The world income is equal to world expenditure on all goods,
and the labor market clears in each country. According to Walras' law, we only need to clear one of the two labor markets and we choose to focus on the Southern labor market.
Without loss of generality, we show the case in which only outsourcing to the South is possible.
The case is sufficient for us to see the general equilibrium effect.
If we denote ( ) as the fraction of products with < * and ( ) as its density function, the labor market clearing condition in the South implies that
where¯ is the cutoff between Southern and Northern production, and ( ) =
(1− )(1− )Δ + (1− )Δ + ∈ (0, 1). Combining Equations (.6) and (.7), we get
) is an increasing function of¯ satisfying (0) > 0 and ¯ →1 (¯ ) = +∞. Intuitively, the higher is¯ , the lower labor demand in the South; hence, an increase in relative wage is necessary to bring the Southern labor market back to equilibrium.
Another condition to pin down and¯ is given in the partial equilibrium, = (¯ ). For instance, an improvement in contract environment shifts down the ( ) curve. In partial equilibrium, the effective relative wage is fixed and thus all products >¯ are offshored to the South, wheras in general equilibrium, those offshoring tasks raise the demand for Southern labor and lower the effective relative wage, thus only products >¯ are offshored. In other words, the positive effect of contractual improvement on product variety will be reduced in general equilibrium. Similarly, the effect of trade cost reduction on product variety will be smaller in general equilibrium than in partial equilibrium. When vertical integration is allowed, we need to redefine (¯ )/ by including two organizational forms, and use { ( ), ( )} to replace ( ). Again, the effect of ownership liberalization on product variety will be smaller in the general equilibrium framework.
In summary, our predictions of ownership liberalization, improvement in contract environment and trade cost reduction still hold in general equilibrium with free entry, but their effects on export variety will be smaller than in partial equilibrium. However, the general equilibrium effect from rising relative wages will be limited if we consider a small open economy or a country like China where there is abundant supply of cheap labor. [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . All regressions are estimated by GMM, with instruments for court efficiency and its interactions. For brevity, we do not report the coefficients for the constant and the control variables specified in Table 2 . Province-year pair cluster robust standard errors are in parentheses. *, **, and *** indicate significance at the 10, 5, and 1 percent levels. [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . All regressions are estimated by GMM, with instruments for court efficiency and its interactions. For brevity, we do not report the coefficients for the constant and the control variables specified in Table 2 . Province-year pair cluster robust standard errors are in parentheses. *, **, and *** indicate significance at the 10, 5, and 1 percent levels. Feenstra and Kee's (2008) method. Note: The sample covers China's processing export to high-income countries. The panel covers 29 provinces and 112 industries in 1997-2007. All regressions are estimated by GMM, with instruments for court efficiency and its interactions. For brevity, we do not report the coefficients for the constant and the control variables specified in Table  2 . Province-year pair cluster robust standard errors are in parentheses. *, **, and *** indicate significance at the 10, 5, and 1 percent levels. 
